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THE WATER LEVEL PROBLEM AT 
CRYSTAL LAKE, MC HENRY COUNTY 
BY 
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SUMMARY 
The report d iscusses a number of factors 
which apparently contribute to excessive fluctu-
ations of the level of Crystal Lake, McHenry 
County, Illinois. Annual fluctuations of more than 
four feet have been recorded, with an average of 
approximately two and one-half feet during the 
past sixteen yea r s . 
Crysta l Lake is l o c a t e d in. southeastern 
McHenry County in n o r t h e r n Il l inois. I t is 
bordered on the east and south shores by the City 
of Crysta l Lake and the Village of Lakewood, 
respectively. The unincorporated communities of 
North Shore and Crystal Vista border the north 
and west shores , respectively. The unincorporated 
community of Crystal Gardens is adjacent to 
Crysta l Vista and is an integral part of the a rea . 
The lake has a surface area of approximately 
234 ac res at spillway c res t elevation and has an 
indefinite watershed a rea of approximately 4.8 
square mi les . 
Crystal Lake is connected to the shallow 
ground-water aquifer in the West Chicago and 
Marsei l les Outwash deposits of the glacial drift. 
Because the lake is associated with this aquifer, 
it is directly affected by shallow ground-water 
movement through the a rea and by precipitation 
and evapotranspiration from the lake surface as 
well as from the surrounding land. Other factors 
which may have some effect on the lake level a r e 
s torm sewers , sanitary sewers , and municipal 
and domestic pumpage in adjacent communities. 
Records obtained in this a rea show that periods 
of low lake levels a re generally accompanied by 
precipitation deficiencies and low ground-water 
levels . Annual evapotranspiration losses may ex-
ceed two feet. 
The eventual development of a satisfactory 
method of reducing evaporation might be one 
method of maintaining a more stable lake level. 
Other measures to stabilize the lake level might 
be: (1) adequate drainage into the lake of some 
of the swampy a reas in the vicinity, (2) diversion 
of excess flow from nearby Kishwaukee River 
into Crystal Lake, and (3) pumpage into the lake 
from wells, provided sufficient capacity can be-
developed. 
3 
TABLE OF CONTENTS 
4 
ILLUSTRATIONS 
Figure Page 
1 Map of Illinois, showing Crys ta l Lake and McHenry County 7 
2 Crystal Lake watershed 6 
3 Tile outlet near northwest shore of Crys ta l Lake 7 
4 Aerial view of Crys ta l Lake and vicinity 8 
5 Depth contour map of Crys ta l Lake 9 
6 Southeast shore of Crys ta l Lake, July 25, 1956 9 
7 South shore of Crys ta l Lake, July 25, 1956 9 
8 Crysta l Lake dam and spillway . 10 
9 Geologic occurrence at Crys ta l Lake 13 
10 Diagrammatic c ross section of glacial deposits 14 
11 Lake level and precipitation data at Crys ta l Lake 15 
12 Crystal Lake, August 23, 1934 16 
13 Crystal Lake, 1942............................................................................................................................ 16 
14 Lakewood sanitary sewer sys tem 16 
15 Evaporation at Rockford, Illinois 18 
16 Weekly water level r e c o r d e r , Observation Well No. 11 19 
17 Hydrographs of ground-water levels at Crystal Lake 20 
18 Hydrographs of ground-water levels at Crystal Lake 21 
19 Hydrographs of ground-water levels at Crystal Lake 22 
20 Hydrographs of ground-water levels at Crystal Lake . 23 
21 Piezometr ic surface at Crys ta l Lake, January 6, 1954 24 
22 Piezometr ic surface at Crys ta l Lake, August 25, 1954 24 
23 Piezometr ic surface at Crys ta l Lake? July 24, 1952 25 
Table 
1 Generalized geologic column in Crysta l Lake area............................................................. 11 
5 
INTRODUCTION 
SCOPE OF REPORT 
Water level fluctuations at Crystal Lake of 
one to four feet per year and averaging approxi-
mately two and one-half feet per year have been 
observed since the s ta r t of systematic records 
in 1940. A number of early records indicate 
fluctuations of s imilar magnitude at least as far 
back as 1914. 
As a resul t , numerous inquiries from local 
residents and civic organizations in the vicinity 
of Crystal Lake prompted the Department of 
Registration and Education to request the State 
Water Survey Division to conduct an investigation 
of the factors relating to the fluctuation of the 
water levels This report is a presentation of 
the investigation and includes a discussion of 
possible methods of maintaining the lake at a 
level most favorable to i ts present uses . 
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d r i l le rs and well owners, who have been very 
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DESCRIPTION OF AREA 
LOCATION 
Crystal Lake is located in s o u t h e a s t e r n 
McHenry County, in nor theastern Illinois (Fig. 1). 
The lake covers par ts of Section 1, Township 43 
North, Range 7 Eas t and Section 6, Township 43 
North, Range 8 East , Third Pr incipal Meridian 
(Fig. 2). The City of Crystal Lake adjoins the lake 
to the east and northeast ; the Village of Lakewood 
adjoins the lake along the south shore . Approxi-
mately 430 residences are located in the unincor-
porated communities of North Shore, Crystal 
Vista and C r y s t a l G a r d e n s . North Shore and 
Crysta l Vista border the north and west shores 
of the lake, respectively. Although Crystal Gar-
dens does not border the lake, it is contiguous to 
Crystal Vista and an integral par t of the a rea 
under consideration. 
WATERSHED 
Much of the land in the vicinity of the lake is 
low and swampy, making it difficult to define 
definite boundaries of the watershed. Some of 
these swampy a reas may also discharge par t ia l -
ly into other drainage sys tems. As estimated from 
United States Geological Survey topographic maps 
and outlined in Figure 2, the watershed of the 
lake is approximately 4.8 square miles . 
FIGURE 2 CRYSTAL LAKE WATERSHED 
FIGURE 1 
MAP OF ILLINOIS, SHOWING CRYSTAL LAKE AND MC HENRY COUNTY 
The land surrounding the lake is comparatively 
flat, with an elevation of approximately 895 feet 
mean sea level at Lakewood and 900 feet at the 
City of Crystal Lake. There is no more than 
approximately 10 feet difference in elevation with-
in a half mile of the lake. In general, the land is 
higher to the north than to the south of the lake. 
The only identifiable tr ibutary entering the lake 
is an unnamed ditch near the northwest corner. 
This ditch ca r r i es practically no surface runoff, 
but serves as an outlet for a tile system (Fig. 3) 
which drains a considerable a rea north of the lake. 
On August 3, 1949, the flow from the tile was cal-
culated to be 1,230,000 gallons per day. The flow 
undoubtedly var ies considerably and sufficient 
records have not been kept to determine anaver - age flow. 
7 
FIGURE 3 
TILE OUTLET NEAR NORTHWEST SHORE OF CRYSTAL LAKE 
The only surface drainage into the lake is from 
the area immediately adjacent to the shoreline and 
from a few small ditches. 
Surface discharge from the lake is by Crystal 
C reek, which s ta r t s at the spillway, near the south-
east corner of the lake. The creek flows generally 
in a southeasterly direction about five miles to 
its junction with the Fox River, downstream from 
the Algonquin Dam in McHenry County. 
The Kishwaukee River, r ising to the northwest 
of the lake, flows southward to within about one-
half mile of Crystal Lake and then turns west-
ward. At its closest course to the lake, the r iver 
is actually only a small s t ream and is reported to 
go dry during periods of deficient precipitation. 
CRYSTAL LAKE 
The lake is oblong in shape and is approxi-
mately 1500 feet wide by 6800 feet long. A small 
peninsula is located on the north shore near the -
west end of the lake. The res t of the shoreline is 
generally smooth and regular. 
The surface a rea of the lake varies consider-
ably with the water level, covering about 234 acres 
at spillway c res t elevation. This measurement 
was determined by means of an aerial photograph 
of Crystal Lake, dated 1954, and furnished by the 
United States Department of Agriculture (Fig. 4). 
A previous report ( 1 ) indicated an area of 249.8 
acres in 1837 and 237.3 acres in 1911. 
As reported by the Illinois Division of Water-
ways in 1950 ( 2 ) , maximum depth of the lake was 
42 feet below spillway cres t elevation (Fig. 5). 
The average depth of the main body of the lake is 
about 25 feet. Much of the area at the east and 
west ends of the lake has a depth of less than 10 
feet. It can be noted that the slope of the bottom 
of the lake increases considerably with depth, 
especially below a depth of about 10 feet. It should 
also be noted that a lowering of the lake level of 
less than 10 feet results in considerable exposed 
shoreline (Figs. 6 and 7). 
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FIGURE 4 
AERIAL VIEW OF CRYSTAL LAKE AND VICINITY 
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FIGURE 5 
DEPTH CONTOUR MAP OF CRYSTAL LAKE 
FIGURE 6 
SOUTHEAST SHORE OF CRYSTAL LAKE, JULY 25, 1956 
FIGURE 7 
SOUTH SHORE OF CRYSTAL LAKE, JULY 25, 1956 
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FIGURE 8 
CRYSTAL LAKE DAM AMD SPILLWAY 
DAM 
The original dam across the southeast corner 
of the lake was constructed p r io r to 191 5. This was 
a m a s o n r y dam and was maintained by the 
Knickerbocker Ice Company. The top elevation was 
approximately 889 feet above sea level. The 
present concrete s t ructure was built in 1921 
(Fig. 8). The c res t elevation is 890.81 feet above 
mean sea level , the length is 24 feet, and the spill-
way discharges through a 2.5 by 3 foot concrete 
culvert under Lake Avenue. 
URBAN DEVELOPMENT 
The City of Crystal Lake, adjacent to the lake 
on the east , and the Village of Lakewood, border-
ing the lake on the south, cover approximately 
1.2 square miles of the watershed of the lake. 
Suburban residential development, adjacent to the 
north and west shores of the lake, covers another 
0.7 square miles of the lake 's watershed. The 
remaining 2.9 square miles of the watershed is in 
general fa rm land. 
The population of the City of Crystal Lake and 
the Village of Lakewood is estimated at approxi-
mately 6660. The suburban population is estimated 
at approximately 1450. Most of this suburban 
development has occurred since about 1945. 
PREVIOUS REPORTS AND INVESTIGATIONS 
The first report ( 1 ) concerning the lake was 
prepared in 1911 and gave an excellent descr ip-
tion of the lake at that t ime, including a meander 
survey of the lake shore. As stated in this report , 
the original lake area was surveyed in 1837 and 
covered 249.8 ac r e s . At the t ime of this repor t , 
the a rea was 237.32 a c r e s . It can be seen from 
these two surveys that the a rea of the lake was 
subject to change even at those ear ly da tes . 
According to this report , the peninsula which 
protrudes into the lake near the west end of the 
north shore was not there at the time of the origi-
nal survey, but was there at the t ime of the second 
survey. No explanation is given for this change 
in the shorel ine. 
According to a survey ( 3 ) made in 1925, shallow 
ground-water levels had a downward gradient of 
approximately 16 feet per mile from the lake 
level toward the east . This survey was limited to 
two wells , located 280 and 2680 feet from the lake 
shore. 
In 1935, a repor t ( 4 ) was prepared which in-
cluded a study of shallow ground-water levels in 
the Crystal Lake area . Water levels were meas -
ured in at least 15 wells located west, south and 
east of the lake. These records indicate that 
ground-water movement in the area at that time 
was toward the southeast, somewhat paral le l to 
the surface drainage. 
A le t ter ( 5 ) writ ten in 1940 stated that the chief 
factors contributing to low lake levels were be-
lieved to be: "(1), the past twelve- to eighteen-
month period of rainfall deficiency and (2), the 
resultant g r e a t e r than n o r m a l rate o f eva-
poration." 
Among the recommendations of this let ter were 
the installation and operation of lake level and 
precipitation gages and the continued observation 
of the flow in the Lakewood s torm sewer. 
Data regarding lake levels and precipitation 
from gages installed soon after this let ter was 
prepared a r e discussed elsewhere in this report . 
In 1940 and 1941, considerable interest was 
evidenced among local individuals and organiza-
tions concerning the periodic low water levels 
in Crystal Lake. One of the early suggestions for 
controlling the lake level was to divert the flow 
of the K i s h w a u k e e River into Crystal Lake. (6 ) 
Some consideration has been given to this idea 
in most of the investigations of the problem since 
1941. 
A report ( 7 ) prepared in 1947 discusses shallow 
ground-water resources in the Crystal Lake area 
and deals pr imar i ly with the possibilit ies of de-
veloping additional water wells in the vicinity. 
Another report ( 8 ) prepared in 1947 discusses 
the geology of the area , with special emphasis on 
the glacial drift mater ia l above the bedrock in the 
vicinity of Crystal Lake. A bedrock surface map 
accompanying this report defines a bedrock valley 
which runs in an eas ter ly direction ac ross the 
southern end of the lake and the City of Crystal 
Lake. 
A repor t ( 9 ) of a survey conducted in 1948 in-
dicated the presence of extensive a reas of high 
permeabili ty in the glacial drift in the vicinity of 
Crystal Lake. The area of highest permeabil i ty 
reportedly extends east of the lake for a distance 
of two to four mi les . 
A brief discussion of surface and ground-water 
drainage in the vicinity of Crystal Lake was con-
tained in a report ( 1 0 ) prepared in 1949. It indi-
cated that the lake is apparentlv recharged bv 
ground-water. Water level records indicated that 
ground-water movement in the area was toward 
the southeast. A comparison was made of the lake 
level and the water level in one of the wells 
studied in 1925. The well was 2680 feet from the 
lake shore and the water level in the well was 
eight feet below the lake level. This indicated a 
gradient s imilar to that observed in 1925. This 
report also indicated that below normal precipita-
tion was at least partially responsible for the low 
lake levels . 
A more detailed report ( 1 1 ) concerning the low 
lake levels at Crystal Lake was prepared during 
October 1949. Water levels measured in five test 
holes indicated that there was a slope of the 
ground-water level southward, away from the 
lake. These test holes were bored along the south 
side of the lake, three along the line of the drain-
age outlet from the lake, and two along a north-
south line directly across the lake from the drain 
tile outlet at the northwest corner . The report 
indicated that the level of the lake is closely r e -
lated to ground-water levels and is direct ly af-
fected by rainfall excesses and deficiencies. 
Apparently ground-water conditions had under-
gone no major change since 1925. Consideration 
was given to two possibili t ies which might help 
control the level of the lake: (1) divert water 
from the Kishwaukee River into the lake and (2) 
lower the weir and maintain a lake at about eleva-
tion 888 or 88.5 feet above mean sea level. 
A report ( 2 ) prepared in 1950 discussed most 
of the problems covered in previous reports and 
included considerably more detail on many of the 
problems. This report stated: "There is not 
sufficient data presently available to offer a defi-
nite conclusion as to the reasons for the fluctu-
ation of water levels at Crystal Lake. The meager 
information on water levels pr ior to 1940 does not 
show definitely whether presently existing condi-
tions a r e a repetition of those which have existed 
in ea r l i e r yea r s . There is not definite factual data 
on the amount or direction of ground-water flow 
nor is the information on surface inflow suffi-
ciently factual to make comparisons between past 
and present surface inflow. . . ." 
As a result of these conclusions, it was recom-
mended in the report that a more detailed study be 
made of all the problems which might have an 
effect on the water level in the lake. 
CURRENT INVESTIGATION 
The current investigation by the State Water 
Survey was begun in 1950 with the drilling of 13 
observation wells (Fig. 2) to obtain additional data 
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necessary to understand the problem. These data 
were needed to supplement the information which 
the Survey already had on hand from its previous 
investigations. (4 , 7 , 10 , 11 ) 
Because the fluctuation in water level of 
Crystal Lake appeared to be due to many complex 
and interrelated factors, data concerning the geol-
ogy and hydrology a re included in the current in-
vestigation. Various opinions have been expressed 
in recent years as to the cause of the fluctuation 
in the water level of Crystal Lake, such as the 
construction of sewers , development of new wells, 
lack of precipitation, evaporation and ground-
water movement. These factors and their possible 
effect on the water level of Crystal Lake have also 
been studied and a re presented in this report . 
GEOLOGY 
In the Crystal Lake region Paleozoic bedrock 
formations a re overlain by glacially derived de-
posits of varying thickness. The sequence of the 
geologic formation is given in Table 1. The 
Paleozoic b e d r o c k formations c o n s i s t o f 
Cambrian, Ordovician, and Silurian sandstones, 
dolomites and shales. The permeable sandstone 
and fissured dolomite formations are widely used 
as aquifers in northeastern Illinois while the 
thicker relatively impermeable shale formations, 
such as the Maquoketa, act as confining beds, 
restr ict ing the vert ical movement of ground water. 
The principal bedrock aquifers a re the Silurian 
dolomites, the Glenwood-St. Peter sandstones, and 
the Ironton-Galesville sandstones. The thick Mt. 
Simon sandstone is also a productive aquifer but 
the extreme depth to the formation, generally 
poorer mineral quality, and higher water tem-
perature make it less desirable as a source of 
ground water than the more shallow bedrock 
aquifers. 
The Pleistocene glacial drift everywhere over-
lies the Paleozoic bedrock in the Crystal Lake 
area . The thickness of glacial drift cover is var i -
able due to the uneven nature of both the land sur-
face and the buried bedrock surface. Drilling 
records show that the thickness of glacial drift 
in the Crystal Lake region ranges from about 120 
feet to more than 270 feet. At Crystal Lake the 
thickness of glacial drift is estimated to be about 
210 feet. 
The glacial deposits have resulted from sever-
al advances and re t rea t s of continental glaciers 
into the Crystal Lake region. The ice advances are 
recorded by deposition of glacial tills (unsorted 
mixtures of clays, silt , sand, gravel and boulders 
in various proportions) either plastered on the 
surface beneath the ice as the ice moved into the 
area or dumped as a residue as the ice wasted 
from the region. Meltwater from the huge ice 
sheets sorted the rock debris and deposited sand 
and gravel outwash either as widespread valley 
train and outwash flat deposits or as scattered 
discontinuous deposits closely associated with 
the ice. Where meltwater was ponded, fine sand, 
silt, and clay were deposited in the quiet water. 
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TABLE 1 
GENERALIZED GEOLOGIC COLUMN 
IN CRYSTAL LAKE AREA 
The early glacial history of the Crystal Lake 
region, is obscure due to the removal of the evi-
dence of the ea r l i e r ice advances by la ter ice 
advances and due to burial by glacial debris of 
the la ter advances. The late glacial history i s , 
however, more clear ly understood. The events 
which are of significance to the geologic setting 
of Crystal Lake a r e as follows: 
During the Tazewell substage of the Wisconsin 
Glacial Stage the region was occupied by glacial 
ice which constructed a se r i e s of morainal de-
posits to the west. The Tazewell moraines mark 
lines of readvance of the ice after slight r eces -
sions and are progressively younger to the east.The 
last of the Tazewell ice advances, the Marsei l les 
ice advance, built a wide morainal deposit the 
eas te rn edge of which is about 3/4 miles west of 
Crysta l Lake (Fig. 9). During the construction 
of the moraine, meltwater was released westerly 
through channels in the ice bound a rea . Some of 
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these drainage channels were on the ice surface 
while others were subglacial. Within these chan-
nels , sands and gravels were deposited often in 
direct contact with morainal ice. West of Crystal 
Lake, the Kishwaukee River occupies one of these 
morainal drainage channels in its westerly course 
through the hilly topography of the Marsei l les 
moraine . 
When the M a r s e i l l e s ice abandoned its 
morainal position and by melting retreated eas ter -
ly out of the Crystal Lake region, an extensive out-
wash plain was formed east of the Marseil les 
moraine and west of the melting ice front.(12) 
The next glacial advance into the Crystal Lake 
region was during the Cary substage. Ice of the 
Cary glaciation overrode the outwash plain de-
posited by the melting of the Marseilles ice to 
advance into the region to about the present site 
of the City of Crystal Lake where it halted to 
FIGURE 9 GEOLOGIC OCCURRENCE AT CRYSTAL LAKE 
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FIGURE JO DIAGRAMMATIC CROSS SECTION OF GLACIAL DEPOSITS 
build the West Chicago moraine. At its morainal 
position the West Chicago ice contributed outwash 
into the low-lying a rea between the ice front and 
the Marsei l les mora ine on the west. In this r e -
stricted a rea West Chicago outwash was deposited 
directly on the Marsei l les outwash. With the 
melting of the ice from the West Chicago moraine 
the glacial his tory of the Crystal Lake a rea was 
essentially completed. 
As shown in Figures 9 and 10, Crystal Lake 
occupies a shallow depression in the surface of the 
West Chicago-Marsei l les outwash deposits be-
tween the Marsei l les moraine on the west and the 
West Chicago moraine on the east; The generally 
permeable nature of the outwash mater ia l s con-
stituting this outwash plain is demonstrated by 
the lack of development of any organized drainage 
system in this a rea . Water falling as precipitation 
on the outwash plain is so quickly removed by 
infiltration through the permeable surface ma-
ter ia ls that runoff is not sufficiently concentrated 
to erode drainage channels in this surface. 
Drilling records of water wells in the vicinity 
of Crystal Lake show that the West Chicago-
Marsei l les outwash deposits attain a thickness of 
more than 60 feet. The drilling records show that 
the outwash mater ia l s vary locally in thickness 
and charac te r of ma te r i a l s . Locally the outwash 
is thin or may consist largely of silty sand and 
is consequently of relatively low transmissibi l i ty . 
At other locations the outwash mater ia l s a re 
thicker or may consist largely of clean coarse 
sand and gravel . In such a reas the t ransmiss ib i l -
ity of the outwash is relatively high, that i s , sat-
isfactory for the development of municipal and 
industrial wells. 
The deeper water wells in the vicinity of 
Crystal Lake penetrate a thick section of low 
permeable glacial till u n d e r l y i n g the West 
Chicago-Marsei l les outwash. The glacial till de-
posits locally exceed a thickness of 150 feet and 
were probably largely deposited as a result of 
the Tazewell glaciation. Between the glacial till 
and the surface of the underlying Paleozoic bed-
rock, widespread deposits of Tazewell or ear l ie r 
glacial outwash a re commonly present . These 
basal outwash deposits a re the source of ground 
water for the deep sand and gravel wells in the 
vicinity of Crystal Lake. 
The geologic conditions described above allow 
for cer ta in interpretation of hydrologic relation-
ships in the Crystal Lake a rea . The lack of natu-
ral surface drainage into Crystal Lake and the 
position of the lake completely within the permea-
ble West Chicago-Marseilles outwash deposit r e -
quire that the lake level be maintained by ground 
water under water-table conditions. The thickde-
posit of relatively impermeable Tazewell glacial 
till which underl ies the West Chicago-Marseil les 
outwash res t r i c t s the movement of ground water 
between this aquifer and the deeper Tazewell or 
ea r l i e r outwash (Fig. 10) and bedrock aquifers. 
The thick glacial till of low permeabil i ty forms a 
relatively impermeable ba r r i e r through which 
ground-water movement is probably so slow that 
for all pract ical purposes the upper aquifer func-
tions as an independent unit. Consideration of all 
known geologic factors indicates that hydrologic 
connection is to be expected between the sand and 
gravel aquifer beneath the till and the bedrock 
aquifers which immediately u n d e r l i e it. The 
deeper bedrock aquifers are overlain by the rela-
tively impermeable Maquoketa shale and con-
stitute a third hydrologic unit. 
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FIGURE 11 LAKE LEVEL AND PRECIPITATION DATA AT CRYSTAL LAKE 
HYDROLOGY 
Lake Levels 
In October 1940, a gage was installed on the 
east shore of the lake (Fig. 2) so as to permit 
accurate measur ing of the lake level (Fig. 11). 
This gage has been maintained and operated by 
the superintendent of the City of Crystal Lake 
Park District . Water levels have been measured 
and recorded at i r regular monthly intervals 
through 1952. Since that date, measurements 
have been taken at less frequent intervals , but 
often enough to record major fluctuations of the 
lake level. 
P r io r to the time of installation of the gage in 
1940, records from several sources indicate that 
the lake was considerably below the level of the 
present spillway for various periods as far back 
as 1914. In October of that year , the lake level 
was at elevation 889 or 1.81 feet below the level 
of the present spillway. Other lake stages r e -
corded prior to 1940 were 890.42 in March 1921, 
888.5 in October 1925 and 890.43 some time in 
1927. A picture taken of the lake on August 23, 
1934 (Fig. 12) reveals that considerable expanse 
of beach was exposed; the elevation at that time 
was 887.23. Unless otherwise indicated, the lake 
level and ground-water elevations in the present 
report a re in feet above mean sea level. 
During the fifteen year period that the lake 
level gage has been in operation at Crystal Lake, 
the water level has been at or above spillway 
elevation only eleven times for a total period of 
about 33 months. The longest period the level was 
above spillway was from mid-November 19 51 
through mid-June 1952. The shortest period was 
for a few days in mid-April 1955. The longest 
period the level has been below spillway was 
from mid-May 1946 through March 1950, a period 
of 46 1/2 months. 
Lake levels have fluctuated from 0.37 feet 
above the spillway to 4.11 feet below the spillway. 
The highest recorded level was in April 19 50; 
the lowest level was in January 1957. Figures 6 
and 7 show the lake about 3 feet below spillway in 
July 19 56. Figure 13 shows the lake in 1942 during 
one of the periods when the level was at or near 
spillway elevation. 
Generally, the lake stage reaches a high during 
the spring or early summer and a low during the 
fall or early winter. However, annual peak levels 
have been recorded in August and November, and 
annual low stages in February and March. 
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FIGURE 12 CRYSTAL LAKE, AUGUST 23, 1934 
A r t i f i c i a l D r a i n a g e 
It is not within the scope of this report to fully 
investigate the design and carrying capacity of the 
various sewer systems in the Crysta l Lake a rea . 
However, since some local opinion indicates that 
the flow in the Lakewood s torm and sani tary 
sewers plays a major role in determining the 
level of the lake, some study has been made of 
these sewers . - Since there have been no major 
complaints regarding the s to rm sewer for the 
City of Crystal Lake, no study has been made of 
this sys tem. If it is s imi lar to the storm sewer 
in Lakewood, it likely has a s imilar effect on 
ground-water levels in the a rea which it s e rves . 
The flow in the sani tary sewers of both Lakewood 
and the City of Crysta l Lake is combined and 
FIGURE 13 CRYSTAL LAKE, 1942 
metered at the t reatment plant. Therefore, the 
excess flow from either one of these sewers can-
not be readily determined. 
Sanitary Sewers 
The Lakewood sewer system (Fig. 14) was in-
stalled about 1940. The flow accumulates at the 
Everet t Avenue lift station, southeast of the lake, 
and is pumped up to the McHenry Avenue sewer, 
part of the City of Crystal Lake system The en-
t i re system discharges at the City of Crystal 
Lake t reatment plant. 
FIGURE 14 LAKEWOOD SANITARY SEWER SYSTEM 
A continuous record of the flow in the sanitary 
sewer has not been made. In 1942, the flow in the 
Lakewood sewer averaged 5140 gallons per day. 
This represented a flow of approximately 40 gal-
lons per day per person. 
In February 1956, the metered flow at the 
treatment plant for the sanitary sewers of both 
Lakewood and the City of Crystal Lake averaged 
497,000 gallons per day. or approximately 75 
gallons per day per person. The maximum flow 
at the treatment plant was reported to be about 
900,000 gallons per day. 
The flow at the treatment plant reportedly is 
considerably heavier than average during periods 
of heavy rain. On February 24, 1956, the flow was 
835,000 gallons. On this same date, a one-inch 
rain was measured at the Crystal Lake rain gage 
at the east end of the lake. H o w e v e r , during 
February , the lake level was. approximately two 
feet below spillway and it had maintained about 
the same level since early November 1955. Thus, 
it would appear that some surface runoff or 
ground water enters the sanitary sewer, at least 
during periods of heavy precipitation and high 
ground saturation. However, the average flow does 
not appear excessive for the population served by 
the system. Although the sani tary sewer appar-
ently ca r r i e s excessive flow during periods of 
heavy precipitation, the average flow indicates a 
rather insignificant effect on ground-water levels 
over extended periods of t ime. 
Lakewood Storm Sewer. A s torm sewer sys-
tem for the Village of Lakewood was installed 
pr ior to 19 30, to drain the marshy land for housing 
development. This system serves approximately 
0.2 square miles of the watershed of the lake. The 
original plans for this system apparently have been 
misplaced or destroyed, and therefore the loca-
tion of much of the sewer system is not definitely 
known at the present t ime. The main interceptor 
line paral le ls the sanitary sewer interceptor line 
(Fig. 14), and both run in an easter ly direction 
roughly parallel to the south shore of the lake. 
West of Crystal Creek, the sewer runs south-
eastward and discharges into the creek about a 
mile southeast of the lake. Latera ls extend north 
and south from the interceptor l ine, but the exact 
extent and location of some of these la tera ls a re 
unknown. 
The s torm sewer l ies approximately two feet 
lower than the sanitary sewer. This is evidenced 
in several manholes along the interceptor line, 
where the sanitary sewer c rosses above the la-
te ra ls of the s torm sewer. This is further con-
firmed by village officials. 
Some reports indicate that la tera ls of the 
s torm sewer extend out into the lake along the 
south shore. A reconnaissance of the shore line 
in August 1956, with the lake more than two feet 
below spillway, revealed no evidence of the sewer 
system. 
On August 8, 1956, the flow in Crystal Creek, 
below the s torm sewer outlet, was measured. This 
location is also below the sewer outlet from the 
National Grain Yeast Corporation. At the time of 
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measurement , the flow in the storm sewer could 
not be accurately determined, but it was est i -
mated to be a ra ther small percentage of the total 
flow in the creek. Numerous observations at 
sewer manholes and the outlet have not revealed 
high flows during periods of normal or deficient 
precipitation. 
Considering the storm sewer installation from 
another viewpoint, the pr imary purpose of the 
sewer, as stated previously, was to drain the 
marshy a rea south of the lake for development of 
Lakewood. Since this purpose has been accom-
plished it is possible that the sewer contributes 
to some lowering of the ground-water level in the 
a rea which i t d ra ins . 
Suburban Sewers . In the subdivisions west and 
north of the lake, there a re no municipal sewers 
and most of the water withdrawn from the ground 
is returned through domestic septic tanks. There-
fore, these a r ea s probably have little or no effect 
on the ground-water aquifer and lake level. 
Ground-Water Withdrawal 
Geologic and hydrologic data indicate that there 
is little possibility of hydrologic interconnection 
between the West Chicago and Marseilles Outwash 
deposits and aquifers near the base of the glacial 
drift or in the bedrock. F rom available records , 
the highest water level in any bedrock well has 
been at least 37 feet below the lowest level of the 
lake. Therefore , wells in these deeper aquifers 
probably have little or no effect on the lake level 
and will not be discussed in this report . 
Municipal. Two old wells originally supplied 
water for the City of Crystal Lake. A 64-foot dug 
well provided water from 1898 until 1913. This 
well penetrated West Chicago morainal deposits 
and may have been connected with the West 
Chicago and Marsei l les Outwash. In 1913, a well 
was dug to a depth of 32 feet. This well was lo-
cated 2685 feet from the lake, in a city park. It 
was finished in the West Chicago and Marsei l les 
Outwash, the same aquifer with which the lake is 
associated. Since 1930, the well served only as a 
supplementary source and it has not been in use 
since 1943. 
The present municipal water supply is obtained 
from five wells , three of which are finished in 
dolomite and sandstone aquifers in the bedrock. 
Municipal wells No. 3 and 4 have depths of 48 and 
57 feet, respectively, and a r e finished in the West 
Chicago and Marsei l les Outwash. They a re located 
in the park near the site of the old 32-foot dug 
well. Both wells were drilled in 1948 and served 
as part of the municipal supply until 1953, after 
which they were not used until March 1956. These 
two wells have been pumped considerably since 
March, which might partially account for the ex-
tremely low lake level during the lat ter part of 
1956. 
Since the old municipal wells have been used 
only to a limited extent after 1930 and since wells 
No. 3 and 4 have been used only between 1948 and 
1953 and after March 1956, it appears thatpump-
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Average Monthly Pan Evaporat ion 
FIGURE 15 EVAPORATION AT ROCKFORD, ILLINOIS 
age from these wells has not been a major factor 
affecting the water level of Crystal Lake. 
Pr iva te . The Village of Lakewood and the un-
incorporated a reas of North Shore, Crystal Vista 
and Crystal Gardens do not have public water 
supplies. Domestic supplies a r e obtained from 
relatively shallow sand points finished in the West 
Chicago and Marsei l les Outwash. 
On the basis of a population of approximately 
2100 and an average consumption of 50 gallons 
per day per person, the Village of Lakewood and 
the s u b u r b a n a reas withdraw approximately 
105,000 gallons per day from the shallow aquifer 
by these private domestic wells . 
Industrial . There is only one major industry 
in the Crystal Lake area which obtains water from 
wells finished in the shallow drift. The National 
Grain Yeast Corporation has four wells, three of 
which a re finished in West Chicago morainal de-
posits and one which is finished in Maquoketa shale 
at 319 feet and obtains water from the Silurian 
dolomite above the shale. The three shallow wells 
have depths of 60, 62, and 65 feet. The dolomite 
well is the newest of the four wells and provides 
most of the water for the company. The 62-foot 
well is pumped regularly, but is used only as a 
supplementary source of water . The other two 
shallow wells provide only limited quantities of 
water. Total pumpage in 1947 was estimated at 
400,000 gallons per day. These wells a re about 
one and th ree-quar te r miles from Crystal Lake. 
Since most of the water is obtained from the 
dolomite, there is probably little effect on water 
levels in the West Chicago and Marsei l les Outwash. 
Precipitation 
There is no official United States Weather 
Bureau precipitation station in the Crystal Lake 
a rea . However, the superintendent of the City of 
Crystal Lake Pa rk Distr ict has measured preci -
pitation with a non-recording rain gage since 
1940 (Fig. 11). Based on the 15 year period from 
1940 through 1954, the average annual precipita-
tion is 32.9 5 inches. Average monthly precipita-
tion var ies from a low of 1.76 inches in February 
to a high of 4.29 inches in June. 
The highest measured annual precipitation oc-
cur red in 1941, with 43.60 inches. The highest 
monthly precipitation occurred in October 1941, 
with 10.1.7 inches. The lowest measured annual 
precipitation occurred in October 1941, with 
10.17 inches. The lowest measured annual preci-
pitation occurred in 1946, with 22.22 inches. The 
lowest monthly precipitation has been zero, which 
occurred in February 1947 and September 1956. 
Based on the average monthly precipitation for 
the 15 years , the cumulative monthly departure 
from normal has been calculated (Fig. 11). The 
longest period of cumulative departure above nor-
mal occurred from October 1941 through February 
1945, a period of 45 months. The longest periods 
of cumulative departure below normal occurred 
from June 1948 through May 1950 and from October 
1952 through September 1954, periods of 24 months 
each. The highest cumulative departure above 
normal occurred in November 1945, with 9.87 
inches. The lowest cumulative departure below 
normal occurred in November 1953, with 11.52 
inches. 
The nearest official United States Weather 
Bureau precipitation station is located at Marengo, 
Illinois, thirteen miles west of Crystal Lake. At 
the end of 1955, 100 years of records were avail-
able. 
The average annual precipitation for this 100 
year period was 32.92 inches. This compares very 
closely with the 15 year average at Crystal Lake 
of 32.95 inches. 
Evapotranspiration 
In August 1950, the State Water Survey estab-
lished a Class A United States Weather Bureau 
type evaporation pan near Rockford, Illinois. This 
is approximately the same latitude as Crystal 
Lake but 38 miles west of the lake. 
Records of monthly evaporation, shown in 
Figure 15, indicate that the greatest evaporation 
takes place during July and that evaporation for 
the six warmest months, April to September in-
clusive, averages 25.38 inches. 
In April 1953 an automatic evaporation re -
corder was installed adjacent to the pan at the 
Rockford Evaporation Station. Data obtained from 
this instrument can be correlated with the pan 
observations. It has yielded data on water losses 
during the winter months, when the Weather Bu-
reau type pan cannot be used. Three years of r e -
cords at that station indicate that monthly evapor-
ation during December, January and February 
averages 1 inch; during March and November, 2 
inches; and during October, approximately 3 
inches. 
If the averages of the two records are added, 
an average yearly evaporation of 36.14 inches is 
obtained. Experience has shown that, for lakes 
and r e se rvo i r s , evaporation losses a r e approxi-
mately 70 per cent of those from adjacent Weath-
er Bureau type pans. Applying this correction to 
the 36.14 inches gives a total of 25.30 inches of 
evaporation annually for lakes in northern Illinois. 
FIGURE 16 
WEEKLY WATER LEVEL RECORDER, OBSERVATION WELL NO. 11 
Comparison of the Rockford evaporation r e -
cords with those of surrounding states indicates 
that a maximum monthly evaporation at this lat i-
tude seldom exceeds 6 inches and is probably-
nearer 5 inches, and that the average monthly 
evaporation during the growing season is about 
4.25 inches. 
Although a study has not been made of dry 
land evapotranspiration losses in this investiga-
tion, research projects ( 1 3 ) have established that 
large quantities of water are t ranspi red by vege-
tation and the land surface, especially during the 
growing season. As much as 7000 gallons per 
ac re per day may be used by crops in the eva-
potranspiration process . This loss is equivalent 
to approximately one-fourth inch per acre a day. 
Ground-Water Levels 
In 1950, a se r ies of 13 observation wells was 
constructed for the State Water Survey at various 
sites around the lake to observe the fluctuation 
and movement of the ground water in the West 
Chicago and Marsei l les Outwash. The wells were 
arranged to obtain data regarding the ground-
water level in all directions from the lake. Speci-
fic sites of the wells were determined by the avail-
ability of the site under consideration. 
Ten of the observation wells were of the dr ive-
point type of construction; that i s , the well casings, 
with screened points on the bottom, were driven 
into the ground. These wells were cased with one 
and one-quarter inch diameter steel pipe. The top 
of each of these casings was fitted with a threaded 
cap. Depths of the drive points were from 1Z.5 to 
31 feet. All of these wells were equipped with 42-
inch long well points with 3 feet of exposed No. 12 
slot screen. 
Three wells were drilled to depths of 18, 23.6, 
and 46.1 feet. These wells were cased with 6-inch 
diameter steel pipe, the top of which was fitted 
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with a flanged coupling. The 23.6 foot well was 
equipped with a 3-inch diameter b rass jacket well 
point with 3 feet of exposed screen. The other two 
were equipped with 4-inch diameter brass jacket 
well points with 5 feet of exposed screen. 
A definite numbering system for the obser-
vation wells was arranged in order to avoid any 
e r ro r in recording data (Fig. 2). In this report , 
the 10 one and one-quarter inch wells will be re -
ferred to as Observation Wells Nos. 1 through 10. 
The 3 six-inch wells will be referred to as Ob-
servation Wells Nos. 11, 12, and 13. 
Weekly water- level recorders were installed 
in the six-inch observation wells (Fig. 16) and 
serviced each week. The depth of water in each 
of the one and one-quarter inch observation wells 
was measured weekly. The measurement of the 
water levels in the observation wells and the 
maintenance of two of the weekly recorders were 
discontinued in late 1954. Observation Well No. 11 
continues in o p e r a t i o n as a general check of 
ground-water levels in the West Chicago and 
Marseil les Outwash as compared to the level of 
the lake. 
Hydrographs of each of the observation wells 
have been plotted depicting the range in water 
levels during the period 1950 to 1954 (Figs. 17-20). 
A comparison of these hydrographs shows a very 
close correlat ion between the levels in the wells. 
Water levels in all of the wells show definite sea-
sonal variat ions, with relatively high levels in the 
spring and low levels in late summer and fall. 
During the four-year period, seasonal variations 
of from 1.3 to 5.7 feet were recorded. 
A variation in water levels of a longer range 
was also observed during the four-year period. 
Water levels in 8 of the 13 wells were the highest 
in March and April 1951. In four of the wells, 
water levels were the highest in April 1952. Ob-
servation Well No. 11 reached the same peak level 
in both 1951 and 1952. With this well continuing 
in operation, a new high, 0.17 feet above the pre-
vious peak level, was recorded in June 1955. 
During the period 1950 to 1954 the lowest r e -
corded levels in all 13 wells occurred during late 
1953 and early 19 54. These levels were from 3.80 
to 7.20 feet below the peak levels recorded in 
1951 and 1952. 
A correlation between lake levels and ground-
water levels is shown by a comparison of the 
curve showing the lake stage (Fig. 11) and the 
curves showing the hydrographs of ground-water 
levels in the 13 observation wells (Figs. 17-20). 
These curves all show similar high and low t rends , 
indicating a direct relationship between the lake 
and ground-water levels in the Crystal Lake area . 
One of the lowest recorded lake stages since 
this investigation started occurred in January 
1954. This was 3.26 feet below the spillway. P r e -
cipitation was also at its lowestduring this period, 
with a cumulative deficiency of 11.52 inches in 
November 19 53. 
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FIGURE 17 
HYDROGRAPHS OF GROUND-WATER LEVELS AT CRYSTAL LAKE 
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FIGURE 18 
HYDROGRAPHS OF GROUND-WATER LEVELS AT CRYSTAL LAKE 
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FIGURE 19 
HYDROGRAPHS OF GROUND-WATER LEVELS AT CRYSTAL LAKE 
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FIGURE 20 
HYDROGRAPHS OF GROUND-WATER LEVELS AT CRYSTAL LAKE 
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FIGURE 21 PIEZOMETRIC SURFACE AT CRYSTAL LAKE, JANUARY 6, 1954 
FIGURE 22 PIEZOMETRIC SURFACE AT CRYSTAL LAKE, AUGUST 25, 1954 
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FIGURE 23 PIEZOMETRIC SURFACE AT CRYSTAL LAKE, JULY 24, 1952 
DISCUSSION OF DATA 
Records for the past fifteen years indicate a 
close correlat ion between lake levels and preci -
pitation (Fig. 11). A comparison of the curve 
showing the cumulative depar ture from normal 
precipitation and the curve showing the lake stage 
shows a s imilar trend in high and low measu re -
ments . These curves show that the lake very sel-
dom reaches spillway elevation unless the cumu-
lative depar ture of precipitation has been above 
normal for at least a few months. Monthly de-
par tures below normal precipitation a re also r e -
flected in lake levels , although to a l e s se r extent. 
A correla t ion is also noted between lake and 
ground-water levels . These levels all show simi-
lar t rends , thereby indicating a direct relation-
ship. 
Based on data obtained regarding lake levels 
and ground-water levels in the West Chicago and 
Marsei l les Outwash, a se r ies of water level con-
tour maps was prepared. Three maps (Fig. 21-23) 
were selected for inclusion in this report as 
being representat ive of the maps prepared. These 
three maps show conditions during periods of 
below normal , near normal and above normal 
precipitation, r e s p e c t i v e l y , for the dates of 
January 6,. 1954, August 25, 1954, and July 24, 
1952. 
A comparison of the maps shows a s imilar 
piezometric surface pattern for each of the three 
dates , with a high elevation across the north side 
of the lake and a low elevation, declining towards 
the southeast, ac ross the south side of the lake, 
Considerable variation exists between the slope 
of the piezometric surface on the three maps. 
On e a c h of the m a p s , a ra ther steep slope 
exists between Observation Well No 1 and the 
lake shore. This tends to indicate an area of low 
transmissibi l i ty of the ground-water aquifer. 
This low transmissibi l i ty may be partially due to 
soil compaction in the vicinity of the spillway. 
As evidenced by the three maps, the piezo-
metr ic surface and the surface of the lake coin-
cide. It appears that the lake is fed by ground 
water from the north and discharges into the 
ground-water aquifer to the south, with the sub-
surface drainage continuing to the s o ut h e a s t. 
Comparison of the geologic map and the piezo-
metr ic map indicate that there may be secondary 
drainage of the aquifer to the southwest into the 
Kishwaukee River Valley. The fact that the lake 
and surrounding a rea are located on a glacial 
outwash plain adds additional emphasis to the in-
terrelat ionship of the lake level and the ground-
water aquifer. Therefore, conditions affecting 
ground-water levels have an effect on the lake 
and, conversely, conditions affecting the lake 
also cause changes in ground-water levels. 
Of the artificial factors which have an effect 
on the lake level, the Lakewood storm sewer has 
received major consideration. The sewer has 
served the purpose of draining the once-swampy 
land south of the lake. However, during periods of 
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deficient precipitation, with little or no flow in 
the sewer , the lake and ground-water levels have 
continued to lower. Therefore, it would appear 
that although the s to rm sewer may account for 
some of the water loss from the a r ea , it is not 
pr imar i ly reponsible for the extended periods of 
extremely low lake levels . 
In addition to the Lakewood s torm sewer, the 
Crystal Lake s to rm sewer and the sani tary sewers 
of the two communities remove water from the 
area . However, current ly available data indicate 
that this removal apparently is not a major con-
tributing factor to the low lake levels . 
Increased residential development in Lake-
wood and the subdivisions west and north of the 
lake has resul ted in a considerable increase in 
the number of shallow sand point wells . The r e -
sultant withdrawal of ground water has probably 
had some effect on water levels , although a con-
siderable amount of this withdrawal is undoubtedly 
returned to the same formation from which it is 
withdrawn, through septic tanks and other disposal 
means . 
Continual increases in ground-water with-
drawal from the West Chicago and Marsei l les 
Outwash will undoubtedly affect water levels in 
that aquifer, with a resultant effect on the lake. 
Although a considerable portion of that withdraw-
al presently is returned to the same aquifer, the 
volume t h a t i s not being returned p r o b a b l y i s 
increasing. 
All data collected during this investigation 
point to lack of precipitation, evaporation from 
the lake surface and evapotranspiration from 
plant and land surfaces as the chief factors r e -
sponsible for the periodic low levels of Crysta l 
Lake. 
Extended periods of deficient precipitation 
resul t in low water levels in the West Chicago and 
Marsei l les Outwash and in the soil formations 
above that aquifer. Before the outwash can be r e -
charged, the upper soil formations must f irst be 
saturated. This process often extends over a con-
siderable period of t ime. Since the lake is direct ly 
connected to the outwash aquifer, recharge of the 
lake is likely to occur only slowly or during pe-
riods of considerable excess precipitation. 
Whereas precipitation var ies g r e a t l y from 
month to month and year to year , evaporation 
and t ranspirat ion take p l a c e a t more uniform 
annual r a t e s , regardless of the amount of p rec i -
pitation. Thus the normal loss from evapotrans-
piration is considerably accentuated during ex-
tended periods of inadequate precipitation. 
RECOMMENDATIONS 
During the course of this investigation, sever -
al plans have been discussed which might aid in 
maintaining the lake at a more uniform level. It 
appears that there is no completely satisfactory 
solution to this problem. However, a number of 
steps might be taken which would reduce the ex-
tent of water level fluctuations. 
As this report nears completion, additional 
investigation is being made of the tile drainage 
system north of the lake. There a re numerous 
swampy a reas around the lake which are wet even 
during periods of prolonged drought. Tile or open 
ditch drainage of some of these a reas could add 
an appreciable volume of water to the lake. 
F o r two l a k e s in the S t a t e of Indiana ( 1 4 , 1 5 ) 
studies have been made concerning the possibili-
ty of pumping water into the lakes from wells. At 
Crysta l Lake, where lake and ground-water levels 
coincide, this would undoubtedly involve a large 
volume of water. Pumpage would have to be from 
an aquifer below the West Chicago and Marsei l les 
Outwash and possibly would have considerable 
effect on other nearby wells finished in the same 
aquifer. This approach to the problem does not 
appear to offer a feasible solution. 
Although the Kishwaukee River has a very low 
flow during the summer and fall, excess flow 
during the spring or other periods of high rainfall 
might be stored by a small channel dam and di-
verted into the lake, but this involves complex 
legal procedures as well as considerable expense. 
Dredging of the shallow shoreline around the 
lake would resul t in less exposed beach a rea with 
low lake levels . Since the lake and ground-water 
aquifer a re directly connected, such dredging 
should not result in any additional water loss from 
the lake and would actually reduce evaporation. 
Material removed from the lake might be used as 
fill in raising and improving the shore. 
Consideration might be given to the possibility 
of lowering the spillway from one to two feet, 
thereby establishing a new maximum lake level as 
well as a new shoreline. This new level would be 
more nearly the average elevation of the lake 
during the past 16 years . The additional beach 
a rea could be permanently maintained in a more 
desirable condition, thus reducing the area that is 
under water par t of the time and exposed as mud 
and sand the res t of the t ime. 
Experiments a re being conducted in the use 
of non-toxic chemical films to reduce the rate of 
evaporation from the surface of a body of water. 
Considerable additional experimentation remains 
to be done before the effectiveness of this project 
on la rge bodies of water can be determined. 
The Illinois State Water Survey has recently 
conducted studies on the effect of hexadecanol on 
the ra te of evaporation of water from a 100,000-
gallon concrete storage basin. Data showed a r e -
duction of evaporation from 25 per cent to a 
maximum of 62 per cent over a 10-week period 
during the summer of 1956. 
Such a reduction in evaporation may indicate 
the feasibility of reducing the normal evaporation 
losses from Illinois lakes. A saving of 1-foot of 
water depth, roughly a reduction in evaporation 
of 30 per cent, would seem possible if this t rea t -
ment were applied to Crystal Lake. However, 
problems in application and attrit ion of the mono-
layer film on large water bodies still have to be 
worked out. 
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